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Executive Summary 
Summary 
The following report provides an overview of the Engineering Doctorate portfolio 
entitled `The Business Process Engineering of an Aerospace Aftermarket Supply 
Chain. ' It is intended to set the context of the portfolio in the engineering business 
environment and identify the innovative achievements of the work. 
Three main themes underline the portfolio and are outlined here; the use of Supply 
Chain Management (SCM) in the aerospace industry, the barriers to SCM 
implementation, and the links between SCM and Business Process 
(Re)Engineering. These themes are used to explore the findings and conclusions of 
the portfolio. The text includes references back to the previous submissions in order 
to identify the relevant sections of the portfolio that support the Executive Summary. 
The report also includes the suggested reading order for the various submissions 
and details the contribution that the work has made, both academically and within 
the case study organisation. 
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1. Introduction 
The objective of the Engineering Doctorate is to demonstrate innovation in the 
application of knowledge to the engineering business environment. The theme of 
this portfolio is to understand the best practice implementation of Supply Chain 
Management across a range of industries. 
The concept of Supply Chain Management (SCM), the strategic integration of 
business processes across the supply chain, has been a major component of best 
practice management during the 1990s. Encouraged by the success of 
organisations such as Toyota, Xerox, Wal-Mart and Hewlett Packard; academics 
and practitioners alike have recognised the potential of SCM to provide companies 
with a significant source of competitive advantage. This growth in interest is clearly 
demonstrated in the literature during the duration of the doctorate (1994-98), with a 
dramatic increase in the amount of published material available. 
However the published SCM material has been limited to particular industrial sectors 
and echelons of the supply chain. The focus has been mainly upon those closest to 
the end-users in the original equipment market, i. e. assemblers, distributors and first 
tier manufacturers. Aftersales processes have remained relatively unexplored and 
no detailed study of the aerospace aftermarket appears to exist. 
There has also been a bias within the literature towards industries that deal with 
high volumes of products, such as the automotive industry, the clothing industry, 
and the retail industry in general. These sectors are among the most advanced in 
terms of the application of many of the techniques associated with SCM. However, 
attempts are now being made to introduce these ideas into other industries, 
including aerospace, which deal with high variety products in low volumes. 
Furthermore, a significant gap exists between the awareness of the benefits of SCM 
and the level of actual implementation. Whilst there appears to be a plethora of 
published material detailing the concepts of SCM, information and advice about how 
a company should implement SCM is scarce. 
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These factors formed the starting point for this portfolio - The Business Process 
Engineering of an Aerospace Aftermarket Supply Chain. This allows the 
demonstration of innovation in the application of knowledge in three ways, through: 
the exploration of the desirability and practicality of using SCM in an aerospace 
environment. 
2) the identification of similarities between SCM and Business Process 
(Re)Engineering, and the lessons that SCM practitioners can learn from BPR. 
3) the identification of common barriers to SCM implementation and 
implementation techniques which can be classed as `best practice'. 
Each of these three areas contributed to the overall theme of the portfolio. Data 
gathered from my involvement in projects within the case study organisation (an 
aerospace systems provider) was combined with the results of a multi-industry study 
and an extensive literature survey. These were combined to provide the innovative 
contribution of the portfolio, an exploration of the `best practice' implementation of 
SCM across a range of industries 
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2. Objectives & Structure of the Portfolio 
The portfolio has addressed some of the limitations of the existing research into 
Supply Chain Management. The aerospace aftermarket has offered the opportunity 
to study a low volume, high variety environment, with erratic demand; and to 
determine whether the application of the SCM concept is both desirable and 
practical to implement in this type of supply chain. 
Along with the intention to extend the current SCM research and to investigate if it is 
as universally applicable as the literature appears to suggest, there was a 
supporting requirement to understand the business drivers and problems of the 
aftermarket operations of aerospace companies. This understanding is required if 
the suitability of SCM is to be determined and competitive advantages are to be 
exploited. 
The title of the portfolio, The Business Process Engineering of an Aerospace 
Aftermarket Supply Chain, suggests that a link exists between the concept of 
Business Process (Re)Engineering (commonly known as BPR) and SCM. If such a 
connection could be identified, then the experiences of BPR practitioners might 
provide a useful source of information for those trying to implement SCM. 
The portfolio has evolved in response to changes in SCM thinking and has 
broadened in scope as a consequence. The original objective stated in `The Scope 
and Objectives of the Portfolio' submission - to produce a design for an aerospace 
aftermarket supply chain - was superseded by the need for a broader investigation 
into the implementation of SCM across a range of industries. However, this new 
focus is still in line with the original intentions of the portfolio and answers many of 
the questions posed in the introductory submission. 
Thus, the two themes of the portfolio initially introduced have been joined by a third. 
These themes are to establish: 
1) the desirability and practicality of using SCM in an aerospace environment. 
2) the similarities between SCM and Business Process (Re)Engineering, and the 
lessons that SCM practitioners can learn from BPR. 
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3) the common barriers to SCM implementation and how they can be overcome 
with 'best practice' SCM implementation techniques. 
These three themes will form the basis of this summary document, as well as the 
portfolio itself. 
2.1 Structure of the Portfolio 
Figure 1 illustrates the connections between the submissions to form the overall, 
structure of the portfolio. It is suggested that the reports should be read in the order 
indicated by the arrows to produce a logical flow to the portfolio. This structure 
replaces the portfolio framework laid down in the first submission due to the 
changes to the portfolio's focus explained above. Reading the portfolio in this order 
allows an initial understanding of both SCM and the aerospace industry, before the 
issues of implementation are discussed in more depth in the case studies and best 
practice reports. 
The Executive Summary (this report) provides an introduction to the portfolio, with 
an overview of its findings and the conclusions that have been reached. It is 
suggested that this document be read first in order to put the other submissions into 
context. Indeed, this document refers frequently to other portfolio submissions which 
provide the foundations for the conclusions given in this report. These references 
are included as footnotes to the text, whilst general references are included as 
endnotes. 
The Executive Summary is accompanied by a Personal Profile, which identifies the 
Research Engineer's contribution and personal development during the course of 
the Doctorate. 
These summary documents are followed by the individual submissions and papers, 
which catalogue the achievements and application of the research. The initial 
submission - The Scope and Objectives of the Portfolio - details the need for the 
research, both academically and industrially. The concepts of SCM and BPR are 
both introduced, and the current aerospace aftermarket conditions are explained. 
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The similarities between SCM and BPR are first noted in this submission, and a 
supporting paper has been produced and published entitled `Avoiding Supply Chain 
Management Failure: Lessons From Business Process Re-engineering. a 
Secondly, an internal survey was carried out within the case study organisation. 
This survey investigated the importance of the aftermarket to the company; the 
business drivers, critical success factors and problems associated with it. It also 
studied the existing supply chain processes and the use of SCM within the 
aftermarket. 
Best Practice ------------ 
F 
---------------------------- 
Case Studies 
--------------------------- 
* Manufacturing and Service Operations Conference 1998, University of Washington, Seattle. 
Figure 1: Suggested Reading Order For Portfolio 
a Burgess, R. "Avoiding Supply Chain Management Failure: Lessons From Business Process Re- 
engineering'; The International Journal of Logistics Management; to be published late 1998. 
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The desirability and practicality of SCM within the aerospace industry are then 
explored within the case study submissions, these detail projects carried out within 
the sponsoring organisation. These projects formed part of a concept redesign of an 
entire supply chain, and detail the initial, top-level design and its development into 
detailed plans for the aftermarket. A paper based upon this material was written and 
has been published in the Institute of Logistics journal, Logistics Focus. This paper - 
`Life in the Fast Lane' - is also included in the portfolio. 
The 'best practice' implementation of SCM has been explored via both a qualitative, 
multi-industry study and an in-depth look at the use of performance measures in 
SCM. These have provided a broader view of the use of SCM, incorporating the 
experiences of SCM practitioners in a variety of environments. It has also identified 
common barriers to SCM implementation and offers solutions to overcome these 
problems. The findings of this work were presented at the 1998 Manufacturing and 
Service Operations Conference, and a copy of the paper which appeared in the 
proceedings is included within the portfolio. b 
The three themes of the portfolio are supported by these submissions, as shown in 
Figure 2. This is a simplified view of the portfolio and, as this report will show, 
aspects of each theme can be found in most of the submissions. 
b Burgess, R. 'The Best Practice Implementation of Supply Chain Management'; Manufacturing And 
Service Operations Conference Proceedings; University of Washington, Seattle; 1998. 
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Figure 2: Themes Found Within the Portfolio 
Executive Summary 
3. Defining Supply Chain Management 
The concept of Supply Chain Management (SCM) was introduced in the initial 
submission - `The Scope And Objectives Of The Portfolio' (pp. 25-31). 
One of the difficulties of defining SCM is that there appears to be no agreed 
interpretation of the concept. It has been addressed as an extension of logistics, the 
same as logistics, or as an all-encompassing approach to business integration. The 
approach that has been taken within this portfolio is to take SCM in its broadest 
context, and to view it as a strategic management tool used to enhance overall 
customer satisfaction. This is illustrated in Figure 3. 
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SCM can be seen as a natural extension of the logistics concept beyond the 
boundaries of the organisation. As the name suggests, SCM is about managing the 
entire supply chain as an integrated whole. However, SCM should not be viewed 
solely from a logistics perspective, there are other important features valued by the 
end customers that are beyond the logistics arena, such as quality issues. 
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Christopher' equates customer service with time and place utility, thus placing it 
squarely within the logistics arena. However customer service should not be seen as 
merely providing a product where and wherrit is wanted. According to Livingstone, 
customer service is "meeting the customer's needs in a manner which makes them 
want to do business with us again and again in preference to any other company. ,2 
Similarly, organisations should not limit SCM initiatives to purely logistical solutions. 
A holistic view of the supply chain should be taken when considering all the 
important features that are valued by the end customer. Therefore it is important 
that the supply chain is managed to provide all the features that end customers 
require, not just volume and timing related features. 
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4. The Use of Supply Chain Management in the 
Aerospace Aftermarket 
The initial focus of the portfolio was to explore the desirability and practicality of 
using SCM in an aerospace aftermarket environment. 
As discussed in submission `The Scope and Objectives of the Portfolio' (p. 2), the 
decline of the defence market has produced a move by aerospace companies 
towards the civil markets for new work. With so many companies attempting to 
increase their market share at once, aerospace has become highly competitive and 
there is considerable over-capacity; so much so that original equipment is often sold 
as a loss. Profits are made, at a later date, in the supply of spares and 
maintenance. 
With the realisation of whole life costing, the aftermarket is also becoming a major 
source of differentiation in the selection criteria for original equipment business. 
Airlines have installed measures of performance on the component suppliers and 
are using the results to influence the airframe and engine manufacturers in their 
selection of suppliers on future aircraft. To survive in such a highly competitive 
environment aerospace companies are aiming to restructure their operations using 
a range of concepts. Supply Chain Management is one such concept that has 
received a high priority. 
4.1 Background To The Aerospace Aftermarket 
Figure 4 is a simplified representation of the aerospace supply chains within the 
case study company. It shows the various processes of the supply chains and the 
possible sources of conflict between the two chains, i. e. at the manufacturing and 
supplier stages. In addition, the suppliers will also be supplying a variety of 
companies, this is another possible source of conflict. 
The research was concerned with all the elements of the aerospace aftermarket 
supply chain, from the suppliers to the operators, and the interactions within and 
between these elements. 
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Figure 4: The Aerospace Supply Chains 
As aerospace manufacturers compete to survive in a changing market, aftermarket 
operations offer companies both an important source of profit and a major source of 
competitive advantage. The concept of SCM may allow aerospace companies to 
exploit this advantage in a market where customer service is paramount. 
However, as has already been noted, the research into SCM has been primarily 
concerned with large volume markets. The aerospace industry is characterised by 
low to medium volumes of precision parts and assemblies, demand is erratic and 
the parts are often produced from unusual materials. Whether the techniques 
involved in SCM are applicable to the aerospace aftermarket has been investigated. 
4.2 Business Drivers For The Aerospace Aftermarket 
A survey was carried out within the case study organisation to determine the 
business drivers and critical success factors for the aerospace aftermarket. 
Although some previous information existed about what factors were important 
Adapted from Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The 
Use of Supply Chain Management Within The Case Study Aftermarket; Engineering Doctorate 
Portfolio; University of Warwick; May 1997, pp. 6-12. 
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within the aftermarket, it was minimal and had not taken into account all the views of 
those within the supply chain, from customers to suppliers. It was felt that with a 
strategic concept such as SCM, it was necessary to identify the business drivers 
before embarking on implementation to ensure that the concept would provide the 
required focus. 
It was found that the predicted drivers of the aftermarket business, both now and for 
the next five to ten years, were concentrated around the type of service given to the 
customers and how the company can best organise its activities to provide this 
service. Time-based criteria were prominent within the perceived customer 
requirements, given a higher priority than cost. Similarly an understanding of the 
market, service issues, and the internal improvements required to compete were 
dominant amongst the critical success factors identified. Although product quality 
was mentioned by the majority of those interviewed, it was generally seen as a 
`given'. Customers expect quality products and, as such, quality is an order qualifier 
rather than an order winner. 
Figure 5 (see page 17) summarises the factors considered to be critical for success 
in the aftermarket over the next five years. Respondents in the survey identified 
'Organisation Issues' as offering significant scope for improvement, so much so that 
the current poor performance of the company and its supply base are seen as a 
threat to the future of the business. 
The other two significant issues, i. e. the ones highlighted most by the respondents, 
are also related to the organisation, these are 'Market Issues' and `Service Issues. ' 
An understanding of the market and being more proactive within it is seen as both a 
critical success factor and as offering a number of opportunities for the aftermarket, 
e. g. linking into the success of Airbus. This understanding must be applied to both 
the Aftermarket and the Original Equipment (O. E. ) market, because although the 
aftermarket is the greater source of profit, it is heavily dependent upon the sale of 
O. E. for future work. There needs to be a balance between the two markets. 
There are still some cost improvements that can be made, but 'Service Issues' were 
perceived to be even more critical. Good products have become an order qualifier, 
rather than an order winner. The service aspect of the business has grown in 
importance and this is where the case study organisation needs to concentrate its 
16 
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efforts if it is to succeed (backed-up by good products and reasonable costs). 
These 'Service Issues' are inter-related with the 'Organisation Issues', as it is only 
with appropriate systems and attitudes that the company will achieve these service 
requirements. However, achievement of just these `Service Issues' may not be 
enough, opportunities exist beyond these, with new ways of doing business. To 
excel in the future, rather than merely survive, aerospace companies will need to be 
innovative and go beyond the current thinking. 
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4.3 The Desirability of SCM in the Aerospace Aftermarket 
It is important to remember that Supply Chain Management is not an end in itself. 
SCM is only a means to an end, that end being the achievement of the Critical 
Success Factors (CSFs) and customer satisfaction to ensure the profitable 
continuation of the business. 
4.3.1 The Financial Implications of Supply Chain Management" 
Supply Chain Management offers companies a source of competitive advantage in 
the marketplace. 3 This advantage is built upon two levers, both of which should 
ultimately offer a financial benefit for the organisation: reduced operating costs and 
increased customer service (with the assumption that this will increase sales). 
SCM should improve customer service, through its holistic, customer-focused 
approach. Much emphasis is placed upon what the end-customer actually requires 
and in orientating the supply chain to achieve these goals. It also offers the 
opportunity to increase throughput. This should allow the organisation to process 
orders more quickly and in greater quantities; and also attract new customers with 
its improved lead times and delivery reliability. 
Traditionally increasing customer service is seen as requiring additional investment. 4 
However, SCM also offers companies the opportunity to reduce operating costs, 
through the removal of non-value added activities and a holistic, process-based 
view of supply chain activities. Indeed, a recent benchmarking study has shown that 
the best supply chain management performers have a notable cost advantage over 
their rivals. 5 
Thus customer service could be increased with little or no impact upon the total 
process costs, because at the same time total supply chain costs may actually be 
reduced due to the all-encompassing viewpoint of SCM. 
19 
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4.3.2 The Desirability of SCM in the Aerospace Aftermarket 
For SCM to be desirable for the aerospace aftermarket it must support the critical 
success factors and business drivers of the market. The main requirements for the 
aerospace aftermarket (from the preceding discussion) are: 
" An excellent understanding of the market/ customer requirements 
throughout the organisation. 
" Service rather than cost-based competition. 
" Quality products as an order qualifier. 
" Customer satisfaction via availability and delivery performance. 
The customer service based competition suggested by these requirements, coupled 
with the need for time based (as opposed to quality or cost based) competitive 
advantage appears to suggest that SCM is a desirable concept. 
The benefits associated with the twin approach of SCM - which consists of 
integrating the supply chain and the application of lean manufacturing techniques - 
and its significant scope (including technological, organisational, and attitudinal 
factors) have been well documented. These benefits include (see, for example 
Bowersox & Closs6, or Christopher'): 
"A reduction in lead times. 
" Improved customer service. 
" Supply chain synergy. 
" Minimum total supply chain costs, e. g. less inventory. 
" Improved quality. 
Furthermore, the holistic approach suggested by SCM brings this message to all 
echelons and employees within the chain; breaking down barriers and bringing 
about a cultural change too. 
d Based upon: Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: 
Performance Measurement in the Supply Chain; Engineering Doctorate Portfolio; University of 
Warwick; August 1999, p. 41-52. 
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Figure 6 shows how the case study organisation believed SCM would change their 
business. A comparison of the changes expected from the introduction of SCM with 
the Critical Success Factors (CSFs) discussed above, shows that a move towards 
SCM should support companies involved in the aerospace aftermarket in achieving 
success in the marketplace. Examples of this are shown in Figure 7 below. 
This is also supported by the `Supply Chain Concept Redesign' project, which 
identified that more than two-thirds of the total cost of production (for the site) 
originated from purchased items, therefore management of the supply chains is 
important and improvements would contribute significantly to the performance of the 
business. The calculated benefits of that project also suggested that the principles 
of SCM were desirable. e 
e Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Supply Chain 
Concept Redesign; Engineering Doctorate Portfolio; University of Warwick; July 1996; p. 31. 
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Executive Summary 
Critical Success Factors Supporting SCM Changes 
Organisation Issues Both Organisation/Process changes and 
People changes 
Market Issues External Relationships, includes greater 
understanding of the customer 
External Relationship Issues External Relationships, these actually go 
beyond just the Strategic Alliances 
identified as CSFs 
Service Issues Both Organisation/Process changes and 
People changes to improve customer 
service 
Financial Issues Organisation/Process changes should 
make the business more cost effective 
Product Issues Some improvements in Quality may be 
attributed to SCM. 
Figure 7: Supply Chain Management Aids The Achievement of Critical Success 
Factors 
4.3.3 Similar Changes Are Required Across The Supply Chain 
Figure 8 illustrates the various changes that the case study personnel believed were 
necessary if they were to achieve the requirements within the aerospace 
aftermarket. Changes are required within the supply base, as well as internally. The 
diagram also gives ideas about how customers could make it easier for the 
organisation to fulfil their orders. 
It is interesting to note that not only are the internal changes similar to those 
expressed for the supply base, but that the desired customer changes are also 
similar to the changes requested of the company by its suppliers. The changes, and 
hence the problems experienced, in the supply chain appear to be ubiquitous. They 
are not just internal concerns and more effective solutions should be available if the 
members of the chain work together to solve them. 
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It should be remembered that problems at one echelon in the chain will have a 
knock-on effect to other members of the chain, and these effects may move both up 
and down the chain. For example, supplier quality can affect the schedule 
adherence of a customer, but a customer can also affect a supplier's schedule 
adherence through the quality of the information it transmits. 
Supply Base 
" Improved quality 
" Shorter Lead Times 
" Greater communication 
" Lower costs 
" Reliability of supply 
" Targeted deliveries 
" Culture change - 
greater understanding of 
Aerospace expectations 
Internal 
" Process capability 
" Better planning of jobs 
" Better manu. control 
systems 
" Increased capacity/ 
productivity 
" Better understanding of 
processes/ problems 
before start jobs 
" Better internal 
communication 
Customers 
" Greater visibility of 
demand 
" Greater communication 
of planned maintenance 
to manu. sites 
" Ownership of orders - 
knowledge that will 
always get the job 
" Better feedback on 
product performance 
" Ordering within lead 
times 
Figure 8: Desired Changes Within The Aftermarket Supply Chain 
4.4 Summary 
The portfolio has shown that SCM appears to offer organisations within the 
aerospace aftermarket an approach which would help to achieve their critical 
success factors and provide greater customer satisfaction. Given the immaturity of 
the concept within this market place, the use of SCM is even more desirable. It 
could not only help an organisation survive in a highly competitive market, but could 
offer a significant competitive advantage before other organisations implement the 
concept. 
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4.5 The Practicality of SCM in the Aerospace Aftermarkei 
Having identified that the use of Supply Chain Management would be desirable 
within the aerospace aftermarket, the next step was to explore its practicality. This 
was done via supply chain projects carried out within the case study organisation. 
The principles of SCM had developed within industries with large volume 
production, such as the automotive sector and fast moving consumer goods. The 
aerospace aftermarket does not share the same characteristics as these sectors, it 
is subject to erratic demand for a wide range of parts in small quantities. 
Additionally, much of the existing research into the successful implementation of 
SCM has concentrated upon powerful players within supply chains; companies with 
a significant amount of bargaining power. The low volumes associated with the 
aerospace aftermarket make it difficult for companies to negotiate changes with 
their suppliers, because they do not represent a significant amount of the sales 
turnover. 
Thus the portfolio explores whether the principles of SCM can be transferred into an 
industry with different demand characteristics and market conditions. Also, if this is 
possible, what changes are required to the generic concept to make it both effective 
and efficient. 
4.5.1 The Application of SCM Principles 
The objectives of the SCM projects included reduced lead times, increased delivery 
reliability, improved quality, and process cost reduction. Although SCM alone was 
not expected to deliver the required objectives, it is expected to provide a major 
improvement in the operations of the business and should provide a solid 
f Project details can be found in: 
Burgess, R. The Business Process Engineering of an Atfermarket Supply Chain: Supply Chain Concept 
Redesign; Engineering Doctorate Portfolio; University of Warwick; July 1996; p. 31: and 
Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The Motorway 
Concept; Engineering Doctorate Portfolio; University of Warwick; September 1996. 
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foundation for other initiatives. Therefore the organisation has a lot depending upon 
the success of SCM. 
The project looked successfully at the implementation of many of the principles of 
SCM. These included: 
" SCM as a constituent of strategic planning, as well as at the tactical and 
operational levels. 
" The removal of non-value added activities. 
" The use of a process-based approach. 
" The building of strategic partnerships. 
" The need for comprehensive measures of performance. 
The analysis of the project team showed that these SCM principles could be 
successfully implemented within the aerospace aftermarket; and the associated 
financial benefits of reduced process costs and improved sales revenue could also 
be achieved. However, the high variety, low volume nature of the business means 
that some alterations had to be made to the generic SCM approach. 
4.5.2 The Motorway Concept 
The supply chain for the case study organisation was extremely complex, in that it 
weaved backwards and forwards through the various functional departments. Also, 
one process had been established which had to deal with all the orders and parts 
travelling through the supply chain. All orders travelled through the same 
commercial-purchasing-manufacturing route, this means that the process had to 
incorporate special procedures and exceptions, formal or otherwise, to handle a 
wide range of situations. 
The high variety of parts in low volumes associated with the aerospace business 
means that exceptions to the standard process are common. These exceptions 
cause disruption in the system, delaying all the orders passing through it, thus 
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adversely affecting the total lead time both in terms of its length and its 
predictability. This is illustrated in Figure 9. 
Slaver (more 
difficult) orders 
delay the faster 
(easier) ones 
N 
STANDARD 
PROCESS 
diverted for 
exceptions to the 
standard process 
Figure 9: The Original Supply Chain Was Like A Single Track Road 
Lead times drive operating performance, 8 thus the unpredictable and lengthy nature 
of the current aerospace lead times lead to a need for additional inventory, poor 
delivery performance, and poor productivity, amongst other things. 9 
An innovative approach to redesigning this system was taken, replacing this tangle 
with a multi-lane `motorway', a number of distinct and simple lanes, running through 
the supply chain processes from the order intake process to delivery. Proceeded by 
a triage step, each lane reproduces the basic process, but with built in variations to 
deal with the different characteristics of the orders. Figure 10 illustrates how this 
simplifies the journey of a component through the factory. 
This is similar to the way in which motorways simplify car journeys from one city to 
another, allowing motorists to join one road which takes them to their destination, 
rather than having to navigate a combination of smaller routes. 
When implemented, an investment in this novel process-based approach eases the 
removal of the original complexity and inefficiency of the supply chain, reducing lead 
Particularly difficult orders get `parked' until 
an expediter arrives to Trove them on 
ýý ý Some Rems gets ., -o 
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times, increasing delivery reliability. It would also make the lead times for all parts 
more predictable. This would allow more accurate predictions of required stock 
levels to be made, by reducing the uncertainty of supply that currently exists. It 
would also improve the service that the company could offer to its customers, 
allowing shorter lead times (identified as a critical success factor the aerospace 
aftermarket) and thus improving customer satisfaction, and in turn leading to 
increased sales. 
Slower (more difficult) items given 
own version of the process, so do not 
hold up faster items 
Figure 10: The New, Multiple Version Supply Chain 
4.5.3 Inventory Reduction Issues 
A standard ABC and `Runner, Repeater, Stranger' analysis were carried out during 
the project. It was hoped that by grouping the parts produced it would be possible to 
categorise them so that different stock control systems could be used for parts with 
different demand characteristics, rather than using Material Requirements Planning 
(MRP) on all of them. 
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However, the categories used for the `Runner, Repeater, Stranger' analysis of the 
business allowed for the lower volumes of the aerospace industry, in order to arrive 
at categories with a significant number of parts in each. For example, the Repeater 
category encompassed all those parts with demands in 3 to 10 months per annum, 
this is a much wider category than would normally be used. 
This produced problems in the economic implementation of the standard stock 
control mechanisms usually suggested (see Figure 11), with the expected savings 
severely reduced. The high variety of parts, coupled with the low volumes used 
would still require the holding of extensive stocks, although it was recommended 
that these should be held at different stages of production than at present to 
maximise their effectiveness. 
Kun 
A 
B 
C 
imm 
Figure 11: Standard Stock Control Classification Systems9 
Other users of SCM have adopted standardisation and rationalisation programmes 
to reduce the number of components that they use, thus reducing stock holding 
costs. Such changes are more difficult to implement within the aerospace sector, 
with components requiring re-qualification before they can be used. The need to re- 
9 Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Supply Chain 
Concept Redesign; Appendix, Final Project Report; Engineering Doctorate Portfolio; University of 
Warwick; July 1996; P. 31 
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qualify if any changes are made makes changing designs a long and expensive 
process. h 
Furthermore, the lifecycle of products within the aerospace industry is far greater 
than that of the automotive sector, with manufacturers required to provide spare 
components for products which may be decades old. Thus the move to newer 
designs with standard parts can take many years. 
4.5.4 Achieving a Stable Schedule with Innovative Forecasting 
Automotive SCM practitioners, such as Nissan, stress the importance of an even, 
predictable volume flow of material in creating lean supply chain management. As 
shown in Figure 12, the benefits of a stable schedule within the company (forward 
visibility of requirements and the ability to plan in advance) are passed onto the 
suppliers, who are then able to meet their delivery dates, thus allowing 
manufacturing to be completed to schedule. This must be supported by quality 
assured component supplies, otherwise the poor quality will have an adverse effect 
upon the material delivery performance. 
The erratic nature of demand within aerospace, particularly within the aftermarket, 
make it difficult to produce a stable schedule. The aftermarket demand was seen by 
many within the case study organisation to be unforecastable. However, the project 
team believed this was not the case. ' 
h Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Supply Chain 
Concept Redesign; Engineering Doctorate Portfolio; University of Warwick; July 1996; p. 21. 
Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Supply Chain 
Concept Redesign; Engineering Doctorate Portfolio; University of Warwick; July 1996; p. 26. 
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Firm Schedule 
40 
Material Delivery 
Performance 
Quality Performance 
Achievement of 
,,,,,, 
jjjjjpO"'Scheduiles 
Figure 12: Relationships Between the Key Factors For Lean SCM' 
A more innovative and proactive approach is required, i. e. approaching customers 
for their own repair plans. Having an aircraft on the ground is extremely expensive 
for airlines and this, coupled with the critical nature of the components, requires 
them to have a preventative maintenance program. These maintenance schedules 
would provide a view of future demand. This would allow the company to build or 
part-build orders to the forecasts, reducing lead times significantly for customers. 
The close working relationship would negate much of the risk involved in the 
forecasting process. 
In addition, extensive data exists within the organisation about the reliability of 
products, e. g. concerning the mean time between failures, it is possible that this 
data could be used to forecast when components will require repairing or an 
overhaul. A clearer view of the work schedule of the repair bases would also be 
beneficial in forecasting and planning production. 
Improved forecasting in partnership with customers would allow a reduction in costs 
through reduced inventory levels, because demand would become more certain. 
This would not only lead to better customer service through shorter and more 
reliable lead times, but the closer working relationship that would develop should 
also allow a clearer picture of the customer's requirements to emerge, which can 
Griffiths, J. 'Lean Supply Chain Management'; British Production and Inventory Control Society 
Conference Proceedings; 1992 ; p. 105 - 115. 
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then be built into the supply chain objectives. Thus sales revenue should also 
benefit from a closer relationship with customers. 
4.5.5 Real Partnerships Required with Suppliers and Customers 
The use of a 'partnership' approach, as described in the SCM literature, has mainly 
been in relationships with one dominant organisation which holds much of the 
power, usually the customer. ' Without the bargaining power of a large volume 
manufacturer, aerospace component suppliers are going to have to look for 
alternative approaches to persuade members of their supply chain to work with 
them in partnership. 
Lacking the ability to dictate terms to other members of the chain they will have to 
'sell' the benefits of supply chain co-operation to everyone. If successful, the 
relationships they create will probably be closer to the true definition of a partnership 
than those of members of supply chains with one dominant company. 
4.5.5.1 The Specialist Team Concept' 
One example of the benefits of a more co-operative approach was realised during a 
project to reduce arrears and improve spares delivery. An analysis showed that 85% 
of the total lead-time for orders was attributable to suppliers, rather than internal 
lead times. However, further investigation identified that many of the delays that 
caused this lead-time were the result of poor planning. Furthermore, a lack of 
ownership of orders allowed delays to go unnoticed until the delivery date had 
already passed. 
In order to create ownership and reduce lead times, a Specialist Spares Team was 
implemented. A multi-disciplinary group has total ownership of the purchasing 
k Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain Scope and Objectives 
of the Portfolio; Engineering Doctorate Portfolio; University of Warwick; December 1995; p. 50. 
Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The Motorway 
Concept,, Engineering Doctorate Portfolio; University of Warwick; September 1996; p. 32. 
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process, from quotation to delivery, for non-current spares (those which are no 
longer used in Original Equipment production). 
Thus, rather than taking the traditional approach of demanding or threatening 
suppliers, the organisation has offered them assistance and is trying to make their 
orders easier to fulfil. The specialist team is designed to help suppliers to meet their 
schedules by ensuring that all the information required is available before 
production begins. In the first 12 months, this new process has increased average 
profit margins by 4.2%, as shown in Figure 13 (the actual margin figures have been 
removed at the request of the case study organisation). 
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Figure 13: Business Profit Margin Performance (new process introduced 
August 1996) 
Various financial benefits have accrued from this change, contributing to the 
increased profitability of the process. The sharing of information has removed the 
uncertainty that suppliers normally experience and allows them a view of demand 
forecasts. This allows them to plan more accurately to meet demand, reduces the 
need for 'just-in-case' inventory and emergency ordering of materials to fulfil orders. 
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Thus the total cost of manufacturing these spares is reduced, along with delivery 
lead times. Thus the supply chain is offering its customers an improved service, with 
little new investment (the multi-skilling training of the Spares Team was done within 
the team, and no new equipment was required), whilst costs are falling due to better 
communication and a closer working relationship. 
4.5.6 Adding Value Through Design 
Many of the `Features Of Excellent Customer/Supplier Relationships In World Best 
Practice Operations' (see Figure 14) are relevant to the relationships the aerospace 
component manufacturer is trying to build with its suppliers. 
  Partnerships between customer and supplier. 
  Mutual trust. 
  Suppliers take ownership of their designs, products and warranties. 
  Common business objectives. 
  Open book trading, rational system of cost, price and profit. 
  Common operating system (e. g. Just-in-Time). 
  Suppliers' defect rate in 'parts per million`. 
  Suppliers concentrate on eliminating waste, not fighting for the next job. 
  Suppliers concentrate on developing new products and manufacturing technology to lead 
the field. 
  Customers provide long term business horizons. 
  Customers invite suppliers early into the design process. 
  Customers expect suppliers to make a reasonable profit to fund future developments. 
Figure 14: Features Of Excellent Customer/Supplier Relationships In World 
Best Practice Operationsm 
However, the comment that "suppliers take ownership of their designs, products and 
warranties" is contentious. These are some of the areas where the aerospace 
organisation currently adds the most value to the product, and they would not wish 
to lose this ownership to their suppliers. This difference from the accepted 'best 
practice' could be caused by: 
"'Butler, R. 'Customer Supplier Relationships'; Logistics and Operations Management Module Notes; 
Warwick Manufacturing Group, University of Warwick; September 1994; p. 10 
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1. The nature of the aerospace industry, where products are highly specialised and 
the design knowledge is a core competence; 
2. The criticality of aerospace products, which requires strict controls over the 
designs and any changes that are made. Thus it may be better to concentrate 
the skills and knowledge associated with designs and changes to them at the unit 
level. 
3. The fact that previous research into SCM has mainly focused upon those closest 
to the end-users in the original equipment market, e. g. first tier manufacturers. 
The case study organisation and its suppliers are further down the supply chain, 
representing the second and third tiers. At this point in the chain products are 
less complex and therefore the issue of supplier ownership - and the benefits of 
suppliers having ownership - may be less important. 
4.5.7 SCM Cannot be Carried Out in Isolation 
The project also demonstrated that SCM cannot be implemented in isolation. A step 
improvement in quality is also required by the case study organisation and its 
suppliers. Without such an improvement, it will continue to suffer from poor 
schedule adherence, high costs, and poor customer satisfaction even if it does 
implement SCM. 
There is a tendency within the literature to present SCM as a panacea. However, it 
must be supported by other processes within the organisation. Hence the authors 
view that SCM should be treated as a strategic, rather than logistical, concept. The 
principles of SCM - integration, communication, lean manufacturing - can only be 
upheld with the aid of New Product Introduction, Quality, Marketing, and staff 
functions. 
4.6 Summary 
SCM is not only desirable within the aerospace aftermarket, it is also practical. Many 
of the principles and techniques can be transferred as they are, or with minor 
alterations. However there are some problems associated with the low volumes and 
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high variety nature of the aerospace industry and some innovative approaches are 
required, for example multiple versions of supply chain processes to deal with the 
quantity of irregular orders experienced. 
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5. The Best Practice Implementation of Supply Chain 
Management' 
A significant gap exists between the awareness of the benefits of Supply Chain 
Management and the level of actual implementation. Whilst there appears to be a 
plethora of published material detailing the concepts of SCM, information and 
advice about how a company should implement SCM is scarce. Business journals 
contain an abundance of SCM success stories, but few explore the problems that 
these organisations had to overcome or how they conquered them. 
A qualitative, multi-industry study was designed to investigate this gap in the SCM 
research. It aimed to identify the common barriers that companies experience during 
the implementation of Supply Chain Management; and also to identify appropriate 
techniques which could be employed to overcome or even avoid these barriers. The 
study covered all aspects of SCM implementation, including organisational, cultural, 
technical, internal and external factors. 
5.1 Barriers To SCM Implementation 
Figure 15 shows the main barriers to SCM implementation that companies face. It 
would appear that companies implementing Supply Chain Management suffer from 
a wide range of problems which act as barriers to their implementation. These range 
from resistance to change from employees, to justifying the allocation of resources 
to the projects. 
" Based upon Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The 
Best Practice Implementation of Supply Chain Management; Engineering Doctorate Portfolio; 
University of Warwick; October 1997. 
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Product-based 
LA Information Technology 
Suppliers 
ca 
co Organisational 
Skills & Knowledge 
Resources 
Cultural 
Companies Mentioning The Barrier 
Figure 15: Barriers To SCM Implementation 
These barriers are not those normally associated with SCM, it has been identified that 
companies tend to see SCM problems in terms of Information Technology rather than as 
organisational or people-related barriers. This misconception also exists within the 
current literature. There is a need for a greater awareness of the barriers faced during 
the implementation of SCM. Implementations are more likely to be successful if the likely 
barriers can be anticipated in advanced. 
SCM is a radical change for most companies, in terms of their activities (note the 
significance of Organisational issues and Skills as sources of barriers), but also 
requires a major change in the way that all employees think. Cultural barriers were 
identified by all but one company as a main barrier, and even that company said 
that the people issues were the most crucial to overcome. Cultural issues were also 
a problem at all levels within the organisations, from the shopfloor up to senior 
management. 
Few companies mentioned physical or procedural changes as major barriers, 
however the people issues associated with these changes were barriers, e. g. the 
"selling of the change" and training. 
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Resource justification is also a common barrier. Organisations reported difficulties in 
justifying the financial investment associated with SCM, because of the following 
common factors: 
" The long term, and ongoing, nature of SCM implementation. 
" The large scale investment associated with SCM. 
" The difficulties associated with linking the SCM changes with improvements in 
financial performance. 
Barriers identified with Suppliers mirrored those seen internally with employees, 
centring around a lack of trust and resistance to the change. The traditional, 
confrontational relationships have produced this mistrust and make it difficult to 
convince vendors of the mutual benefits associated with SCM. 
The 'Others' category consisted of a wide variety of barriers, many of which were 
company specific. However there was a small, but significant repetition of barriers 
associated with poor project management. 
5.1.1 Barriers Within The Aerospace Aftermarket 
Prior to the Best Practice SCM Implementation Study, a survey was carried out into the 
use of SCM within the case study aftermarket supply chain. This survey included an 
investigation into the problems anticipated with SCM implementation. Four categories of 
problems were identified, as shown in Figure 16. ° 
These anticipated problems are similar to the barriers identified by the implementation 
study. Over half of all the anticipated problems were expected to be related to people, 
their resistance to the change and the need to change the company culture. Internal 
Processes includes problems associated with changes to the organisation structure, 
measures of performance and I. T. systems. External Relationships covers problems with 
° Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The Use of Supply 
Chain Management Within The Case Study Aftermarket; Engineering Doctorate Portfolio; University of 
Warwick; May 1997; p. 26 - 28. 
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both suppliers and customers, whilst Planning can be seen as poor project management 
(including interactions management). 
Internal 
Processes 
Proportions represent the percentage of the 
total problems mentioned by respondents 
falling within that category. 
External 
Relationships 
i Planning 
People 
Figure 16: Problems Anticipated With SCM Implementation at The Case Study 
Organisation 
In addition to these four categories, communication was also identified as an area of 
concern, both in terms of SCM implementation and day-to-day operations. All of these 
problems were raised regularly during the various supply chain projects undertaken, but 
little emphasis was placed upon the non-systems barriers and few solutions were 
implemented. 
These similarities suggest that the Best Practice Implementation Study is very relevant 
to the aerospace aftermarket, both as a guide to the barriers that companies should be 
aware of and the solutions which have been suggested to smooth SCM implementation. 
5.2 Solutions for SCM Implementation 
Best practice SCM implementation utilises six categories of solutions in order to 
overcome or even avoid these barriers to success. These are shown in Figure 17, 
which also demonstrates which of the barriers the solutions can help to conquer. 
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Common Barriers Solutions Actions 
" Cross-functional teams/ 
anisational Barriers Communication 
process-owners 
" Cross-functional use of IT. 
" Roadshows, workshops etc. 
" Involvement 
Supplier Barriers Awareness of " MOPs to motivate 
People Issues " Link with natural changes 
Cultural Barriers Senior Mgt. " Demonstration of success 
Commitment " Quick hits 
Resource Barriers inking of SCM to " Identify Influences 
inancial Benefi between non-financial 
actions and financial results 
" Required skills matrix 
Skills & Knowledge Barriers Early Identification o " Training 
skills & knowledge " Recruitment 
required . Mpaci irahla MC Pc/ nhiarfivac 
" Planning with milestones 
Good Project Mgt 
IN& " Visibility 
" Review progress 
" Learn from mistakes 
" Finish projects 
Figure 17: Techniques For Best Practice SCM Implementation 
Communication is probably the most important of the six solutions, not only is it 
directly linked to 3 of the common barriers, it also underpins the other 5 categories 
of solutions. For example, good communication is required to overcome resistance 
and to build commitment to the project. Thus communication must be a planned part 
of the change, not left to chance. 
People should be treated as a critical, not an exploitable, resource. Without their 
commitment and co-operation the project will not succeed. People are creative and 
ingenious, their abilities can either be employed to benefit the project or to sabotage 
it. However they cannot be expected to be easily won over, they will require 
convincing both that the project is necessary and that the proposed solution will 
work. After all, it is these individuals who will have to live with the new systems and 
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make them work. They should be informed, involved and induced in order to build 
commitment to the project. p 
Demonstrated senior management commitment is important in most major projects, 
it provides substance and prestige. However with SCM it plays a dual role, because 
of the difficulties in identifying the financial benefits of the changes. Senior 
Management Commitment was identified as an important factor in getting the 
resources required for making the changes. In effect, the continued investment in 
SCM was an act of faith on the part of executives. 
The need to identify shortfalls in the skills and knowledge of the workforce is an 
important step, which should not be left until the changes are being implemented. 
The earlier the appropriate skills are identified, the more time that is available for 
corrective action to be taken. 
The identification and resolution of these problems at an early stage also allows the 
employees to adjust and 'buy in' to the changes before the physical implementation 
is complete. 
A variety of solutions were suggested which can be grouped under the heading of 
good project management techniques, specifically: 
Set measurable objectives/targets upfront. Ensure that these provide a clear 
focus for the changes and write them down so that they are unambiguous. 
2) Carefully plan the approach to be taken, with realistic milestones. 
3) Try to plan the costs required at each stage - this provides some visibility of the 
commitment involved in the project. 
4) Review the progress of the changes regularly and learn from your mistakes. 
s) Ensure the projects are finished. Don't let them just tail off. 
P Burgess, R. & Turner, S. 'Creating Commitment For Competitive Advantage'; Paper submitted for 
publication in The International Journal of Project Management, (copy included in Portfolio). 
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5.3 Resource Justification For SCM' 
Resource justification remains one of the most common and significant barriers to 
the implementation of SCM. Measures of performance offer a management 
information system that can be used to monitor and demonstrate the effects of 
implementing SCM. However, in order to justify SCM, organisations must be able to 
translate the non-financial aspects of performance, such as reduced lead times and 
increased flexibility, into financial consequences. 
The majority of organisations have not yet made the connections between these 
changes and financial objectives, such as increased revenue or reduced costs. 
Instead they are relying upon unconfirmed assumptions, often coloured by the latest 
management journals, which may or may not be true. What is required is some form 
of translation process that will uncover these hidden assumptions and allow the 
organisation to discuss and validate them. This translation could occur at either the 
senior or operational level, what is important is that the results are discussed and 
communicated throughout the organisation. The assumptions must also be 
subjected to continuous improvement, by being tested and validated on a regular 
basis to ensure they remain true. 
5.3.1 The Influences Model 
The Influences Model in Figure 18 was developed to demonstrate the generic 
influences that exist between financial and non-financial measures in a 
manufacturing company. The various factors have been colour-coded (red = people, 
yellow = operations, blue = financial) in order to make the influences clearer. 
Furthermore, the influences associated with future investment have been omitted in 
an attempt to simplify the model. 
Many of these influences may appear obvious or 'common sense', however these 
are exactly the sort of relationships that practitioners of Supply Chain Management 
q Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Performance 
Measures In Supply Chain Management; Engineering Doctorate Portfolio; University of Warwick; 
March 1998. 
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have found difficulty in proving. Having recognised these linkages, organisations 
can begin to identify the nature of these relationships, i. e. exactly how the measures 
affect one another. 
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At first glance, these influences may seem fairly straightforward, e. g. "improved 
quality reduces total costs" was a major message of Total Quality Management in 
the 1980s. However, it has subsequently been realised that the relationship 
between costs and other factors (such as quality) is non-linear, as demonstrated in 
Figure 19, making the determination of a positive/negative relationship much more 
difficult. 
Total 
Cost 
Improved Performance 
Figure 19: Cost - Performance Relationship Curve 
Therefore, whilst a model of the relationships between measures of performance 
can be used as a tool to provide advice and point out the potential influences, it 
cannot determine exactly how these relationships work or what constitutes a `good' 
standard for delivery, quality, lead times etc. This information will be unique to each 
company, depending upon where they are on the curve above, and their own 
strategy and market conditions. 
5.3.2 Measuring the Influences 
Regression analysis is the most common approach used to identify the relationship 
between sets of data, however this approach only observes the correlations 
between data and does not establish causation. A more appropriate methodology is 
Causal Pathway Analysis, a tool used by social scientists and econometric 
statisticians. It includes measures of both how much variables effect one another 
and also the mechanisms by which this occurs, pinpointing the extent to which a 
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variable's effect is direct or indirect. One major benefit of using pathway analysis is 
that non-financial data, such as employee and customer satisfaction surveys, can 
be combined with financial data. This takes the model beyond the usual balanced 
scorecard approach, which is often based upon a set of untested assumptions. 
5.4 Summary 
The main problems in the implementation of SCM are not, as many organisations 
seem to believe, I. T. based. Instead the need to demonstrate the financial benefits 
of SCM and overcome the resistance of employees pose far greater barriers. 
Companies need to be aware of the true nature of the barriers to SCM so that they 
can take steps to combat them before they occur. 
Putting the emphasis upon a people-based approach to change, following general 
change management guidelines, with good communication, project management 
and senior management commitment will smooth the implementation process. In 
addition, companies can use their performance measurement systems to monitor 
and demonstrate the benefits of SCM implementation. This may need a new 
understanding and business model of the organisation, where the influences of non- 
financial and financial performance can be combined. 
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6. Connections With Business Process Reengineering 
The initial discussion of the field of study identified that there were similarities 
between the principles of Business Process (Re)Engineering (BPR) and Supply 
Chain Management. ' Both concepts require a fundamental review of the ways in 
which businesses operate, both are customer and process-focused, and both have 
been enabled by information technology. Although these are two separate 
concepts, the similarities between them means that the comprehensive 
implementation of the SCM concept could be classed as a BPR project. Indeed, one 
respondent in the Best Practice Implementation of SCM Study described SCM as "a 
practical application of business process reengineering. "S 
This view was supported by the projects carried out within the case study 
organisation. These identified the need to make SCM implementation both broad 
and deep if a step improvement in performance is to be achieved. Breadth requires 
all the business activities that drive competitive advantage to be tackled, whilst 
depth `levers' include the roles and responsibilities, organisation structure, 
information technology, values and skills of the company. 10 
Within the case study organisation there was a need to support the planned SCM 
implementation with changes to their organisation structure, planning and control 
systems, corporate culture, measures of performance and quality levels. The 
Influences Model developed also identified the complex relationships that exist 
between these factors, and the possibility that ignoring certain elements could 
undermine any efforts to change. t 
Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain Scope and Objectives 
of the Portfolio; Engineering Doctorate Portfolio; University of Warwick; December 1995; p. 7 
S Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The Best Practice 
Implementation of Supply Chain Management; Engineering Doctorate Portfolio; University of Warwick; 
October 1997; p. XII. 
Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: Performance 
Measures In Supply Chain Management; Engineering Doctorate Portfolio; University of Warwick; 
March 1998; p. 27. 
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6.1 Lessons From BPR 
Having identified that there were strong similarities between the two concepts, it was 
decided that the concept of BPR should be explored further. As a more mature 
business concept, with many associated 'failures', BPR offers a significant amount 
of experience in implementing a fundamental, process-based change. This fresh 
approach could provide some valuable lessons for those planning to implement 
SCM. 
The results of this investigation can be found in the paper `Avoiding Supply Chain 
Management Failure: Lessons From Business Process Re-engineering', which is 
included in the portfolio. ' 
A number of factors have been identified for achieving success with BPR. These 
are important lessons, not only for those that wish to embark on a reengineering 
exercise, but also for those involved in SCM. These factors include: 
1) The identification of competitive advantage. 
2) Change must be broad. 
3ý Change must be deep. 
4) Not ignoring resistance to the change. 
5) Executive leadership. 
6) Using consultants with care. 
7) Being prepared for the unexpected. 
Companies must identify what will give them a competitive advantage and add 
value in the eyes of the customers. Too many companies assume they know what 
their customers want, believing it to be self-evident. Once this has been identified, a 
holistic change programme is required, lead by senior management. 
" Burgess, R. 'Avoiding Supply Chain Management Failure: Lessons From Business Process Re- 
engineering'; The International Journal of Logistics Management; to be published late 1998. 
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The people issues associated with change must not be ignored. One of the main 
reasons cited for the failure of BPR is the lack of attention given to the human 
element of such a significant change. Resistance is a normal human reaction to the 
unknown and is infinitely preferable to apathy. As discussed in Section 5.2, 
employees should be involved and informed of the change. 
Consultants can provide a useful source of knowledge to management, however 
care should be taken in their use. Managers must not cede responsibility or control 
of the organisation's development to them. After all, it is the employees and 
managers who must live with the changes, not the consultants. Over-dependence 
upon consultants will reduce employee participation and in turn adversely affect 
their commitment. 
With any project there is a level of uncertainty involved, and with a project on the 
scale of BPR or SCM this uncertainty is exaggerated because of the lack of 
knowledge about the entire process. Although it is important that companies spend 
time planning the projects, they must also be prepared for the unexpected and 
arrange contingency plans too. This level of uncertainty also corroborates the need 
for top management commitment, which will be severely tested by the difficulties 
associated with a major change. 
Although these are not the only success factors for implementing SCM, they do give 
those contemplating SCM some idea of the level of commitment and effort involved 
in making such a change. By understanding those issues which caused difficulties 
for the implementation of BPR, practitioners of SCM may be able to avoid making 
similar mistakes or resolve them before they become a major problem. 
6.2 Summary 
The parallels between SCM and BPR make the latter a good source of knowledge 
about the potential problems that can be expected with SCM. The mistakes of BPR 
can provide useful lessons to practitioners of SCM. Neither of these concepts will 
provide a `quick fix', real change takes time and effort to implement. However a 
multidimensional approach, involving cultural as well as technical issues, can 
provide a sustainable step improvement in performance. 
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7. Conclusions 
The portfolio research has contributed to both the academic understanding of 
Supply Chain Management (SCM) and the practical implementation of the concept 
within the aerospace aftermarket. The main conclusions of this work are that: 
1) SCM is both desirable and practical within the aerospace industry, including the 
aftermarket supply chain. As a strategic management tool, SCM can be used to 
provide a significant source of competitive advantage and in turn provides 
financial benefits to the organisation. 
2) The main barriers to the implementation of SCM are people- and resource- 
related, rather than technical. Thus issues such as communication, commitment, 
and overcoming resistance to change play a major role in the successful 
execution of SCM. 
3) There is a need for new models and a greater understanding of the business 
processes that make up organisations' supply chains. This would make the 
effects of SCM, both financial and non-financial, more visible. This in turn would 
aid decision-making about investment in the concept. 
4) There are significant similarities between SCM and Business Process 
Reengineering, therefore the latter can provide a useful source of learning for 
those looking to implement SCM. 
The use of SCM has been investigated within a low volume, high variety industry, 
namely the aerospace aftermarket. This has shown that SCM is both desirable and 
practical, supporting the business drivers and critical success factors of the industry. 
Furthermore, many of the current problems of the aerospace aftermarket are 
common across the supply chain members, with suppliers and customers reporting 
similar obstacles. SCM allows these cross-chain problems to be dealt with 
holistically, providing synergy in the development of optimal solutions for the chain. 
In response to the lack of current literature, the research was extended to explore 
the barriers and aids to SCM implementation. This has demonstrated the 
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importance of including `softer' concerns in the planned implementation of SCM. 
The need to communicate and be aware of the cultural/ people issues is particularly 
important. 
The ability of companies to demonstrate the financial benefits of SCM is also 
significant in the success of SCM implementation, even within the aerospace 
aftermarket where product cost is viewed as secondary to delivery lead times. SCM 
combines increased sales revenue, through both improved customer service and 
throughput, with the opportunity to reduce total supply chain costs, particularly by 
reducing inventories and lead times. 
Without the capability to demonstrate how SCM investment can lead to these 
financial benefits, the implementation becomes an act of faith on the part of senior 
management. The portfolio offers a new approach to this process; based upon a 
model of the influences that exists between the non-financial and financial 
performance of the organisation. It also offers the first real understanding of the 
business drivers and critical success factors associated with the aerospace 
aftermarket. 
Finally, the research has identified the similarities between SCM and other forms of 
change, especially Business Process (Re)Engineering. Recognising that these 
similarities exist allows the knowledge gathered by previous concepts to be applied 
to the relatively immature SCM. The lessons learnt by practitioners of these other 
concepts provide valuable lessons for those hoping to implement SCM. 
The research conducted for this portfolio suggests that SCM is a concept which is 
answering the need for new forms of competitive advantage. The advantages of 
implementing the concept in a range of industries would appear to ensure its 
popularity. However, it is evidence of success that will truly determine its future. In 
order for these successes to occur, companies must be aware and prepared for the 
barriers to SCM implementation and able to demonstrate that SCM makes financial 
sense. 
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Appendix 1: Research Methodology 
The research into Supply Chain Management described in this report is exploratory 
in nature. As noted in the Introduction, when the research began in 1994 there was 
limited published information about the SCM concept, particularly that concerned 
with low volume, high variety industries such as aerospace (where this research was 
concentrated). 
In order to achieve the objectives stated in Section 2, with a limited amount of 
existing information, qualitative research methods were employed to gather and 
analyse data. These focused upon action research, qualitative surveys and case 
study analysis. 
A. Qualitative Research Methodology 
The exploratory nature of the research made it ideal for the use of qualitative 
research techniques. It has been suggested that the use of qualitative research is 
most appropriate in situations where only a limited amount of information currently 
exists. " This is because these circumstances require the phenomenon being 
studied to be uncovered and understood. For inductive and exploratory research, 
qualitative methods are useful in that they can lead to hypothesis building and 
explanations. Qualitative research takes a "systemic" approach to understand the 
interaction of variables in a complex environment. Quantitative research, on the 
other hand, takes an "analytic" approach to understand a few controlled variables. 
The former usually conveys, a sense of being descriptive, whereas the latter is more 
analytical. The descriptive, qualitative study seeks "insight rather than statistical 
analysis. "12 
The holistic approach associated with qualitative research allows greater flexibility in 
the exploration of research problems. This makes it especially suitable for the study 
of the concept of SCM, which is concerned with a broad range of issues and 
influences; from information technology to change management, performance 
measures to stock control systems. It would be wrong to limit the boundaries of the 
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research with a heavily structured approach, as this could lead to significant 
influences being excluded 
The research was also conducted across a variety of situations and companies, 
thus a qualitative approach allowed the lack of uniformity to be incorporated and 
recognised within the research, along with the similarities. Therefore the 
experiences of, for example, a supermarket could be compared with those of an 
aerospace components manufacturer whilst at the same time taking into account 
the differences in culture, demand patterns etc. 
B. Action Research 
Action research is an integral part of the Engineering Doctorate. The underlying 
principle of the degree is a combination of the academic with the practical. The 
major aim of the EngD is the "application of knowledge to the engineering 
business. " 
Action research is a practical way to test new ideas. It allows individual researchers 
to follow their interests, whilst answering the needs and problems of their industrial 
partners. It also puts theoretical concepts and hypotheses to the test in a business 
environment. "Action research combines rigour and relevance in moving towards 
high levels of performance, as well as leading to innovation and making a 
contribution to knowledge. 3 "1 
Action research is cyclical in nature14, as shown in Figure 20. Action research cycles 
start with a question. In exploring the aerospace aftermarket supply chain, the 
questions that were raised were in response to the needs of the sponsoring 
organisation, where much of the research took place. 
The steps that often follow problem formulation are theory development, design 
intervention, data collection, and data analysis. The process is not a lock-step 
V Doctor of Engineering Handbook, University of Warwick, 1996. 
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regime. More often than not, data collection and analysis lead to new questions or 
further data collection for the same problem/hypothesis. 
Problem 
Formulation 4% 
Data Theory 
Analysis Development 
43 
Data Design of 
Collection Study 
Figure 20: The Action Research Cycle 
This cycle is what led to the evolution of the Portfolio's original objective, from 
producing a design for an aerospace aftermarket supply chain to a broader 
investigation into the implementation of SCM across a range of industries. Having 
begun explorations into the desirability and practicality of SCM within an aerospace 
environment, the researcher recognised a need to implement SCM more effectively. 
This then led to an investigation into the best practice implementation of SCM. 
Furthermore, this in turn led to the identification of Resource Justification as a 
significant barrier to SCM implementation, and this was also researched. 
In addition to being cyclic, action research is also participative, that is the clients and 
informants are involved as partners, or at least active participants, in the research 
process. 15 In the SCM research, the 'clients' and 'informants' were both members of 
the case study organisation involved. The research was undertaken as part of a 
project team, which reported to an executive steering group that included the 
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researcher's Industrial Mentor. Members of both the project team and the steering 
group were involved in the development of the ideas, giving comments and 
feedback. This has the danger that it can add additional bias into the research 
process; introducing company politics and personal agendas. However, the 
`business process engineering' approach of the research focused efforts upon 
identifying in-built assumptions and challenging them. This was supported by the 
researcher's history as a non-employee, introducing a more objective viewpoint to 
many of the assumptions. 
C. Qualitative Surveys 
Interviews were employed for data gathering in the two surveys undertaken for the 
Portfolio - the first being the survey of the use of SCM within the sponsoring 
organisation'", and the second being the best practice implementation of SCM. 
These surveys were qualitative, for the reasons outlined in Section A above. 
a. Data Collection 
Data was collected via semi-structured interviews in both cases this allowed an in- 
depth understanding of the situation being investigated. Open-ended questioning let 
respondents answer in their own words, unconstrained by a few alternatives 
supplied by the interviewer. Thus a more accurate and clear picture of the events 
being investigated was provided, with the interviewer able to ask for greater 
elaboration where required to build a complete picture. Again, this method of data 
collection is considered to be "highly suitable" for exploratory study. 16 
" Burgess, R. The Business Process Engineering of an Aftermarket Supply Chain: The Use of Supply 
Chain Management Within The Case Study Aftermarket; Engineering Doctorate Portfolio; University of 
Warwick; May 1997. 
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The questions were developed and the questionnaires were piloted, firstly with 
academic colleagues and then with industrial subjects (members of the sample 
population), to pre-test the structure and content. 
In both surveys the interviews were supported by a literature review, which provided 
background information about the events being investigated. This allowed the 
researcher greater insight into the organisation and also allowed facts to be double- 
checked. 
b. Sample Distribution 
In both surveys the participants were chosen based upon their knowledge of the 
supply chain and the variety of their experiences. Thus within the sponsoring 
company, individuals across the supply chain were interviewed. These included 
views from all stages of the aftermarket supply chain (see Figure 4), from buyers 
dealing with suppliers to the customer-facing distribution personnel. Individuals 
involved in supply chain activities at the various manufacturing sites were all 
included, as were senior executives from the company's headquarters. The 
distribution of these interviewees is shown in Figure 21. 
X Using the guidelines offered by Sashkin, M., Designing and Conducting Organisational Surveys, in 
Jones, J. & Pfeiffer, J. (Eds. ), The 1981 Annual Handbook for Group Facilitation, University Associates, 
1981. 
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*Note, customer satisfaction surveys were used to gather details of the 
Customers views. 
Figure 21: Distribution of Interviewees in the Internal Case Study Survey. 
For the best practice survey, information about the barriers and potential solutions 
was collected from a variety of industries which were identified as `Best Practice' in 
relation to SCM. This approach was taken on the assumption that those 
organisations that were already highly evolved in the use of SCM would have plenty 
of experience of the problems associated with its implementation and would have 
had to employ techniques that had successfully overcome these problems in order 
to achieve their `Best Practice' status. 
'Best Practice' is accepted as being "about doing things in the most effective 
manner. "" However, 'best practice' is often applied to a specific operation, such as 
inventory management, rather than the entirety of the supply chain. It is unlikely that 
a company is `best practice' in terms of all their SCM operations, indeed research 
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into Business Process Reengineenng suggests that no one overall best practice 
organisation exists - there are only elements of good practice. 
18 
Despite this the term `Best Practice' was used, rather than good practice, as it is a 
term which is already widely understood within the business community and was felt 
to reasonably communicate the idea that the companies included within the study 
were advanced in terms of SCM. 
The `Best Practice' companies were selected according to the following criteria: 
1. The organisation was within an industry recognised by the SCM Iiteraturey as 
being `Best Practice' in terms of SCM, e. g. automotive, pharmaceuticals, food 
retail. 
2. The organisation was itself identified as being advanced in terms of achieving 
'Best Practice' SCM from two independent sources, e. g. a recommendation from 
an academic or interviewee, and within the published literature. 
In addition, a number of consultant organisations were also included within the 
study. These provided further experience of the implementation of SCM. Together 
these sources provided experience of implementing SCM across a variety of 
industries and business environments, see Figure 22. 
Within the selected organisations, the interviewees were all members of Senior 
Management - usually with the title of Logistics or Supply Chain Director. These 
individuals were chosen because of their close association with the implementation 
of SCM within their organisations. 
Y Literature included surveys, consultant's reports and journal articles contained in databases such as 
ABI Inform. Inclusion within 'Logistics Focus', the journal of the Institute of Logistics, was considered 
to be a useful indication of a company's merit. 
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INDUSTRY PERCENTAGE OF SAMPLE 
ORGANISATIONS 
Automotive 21% 
Aerospace 14% 
Food Retail 14% 
Food Manufacture 14% 
Pharmaceuticals 7% 
Office Equipment 7% 
Logistics Consultants 21% 
Figure 22: Best Practice Survey Sample Composition 
c. Analysis of Results 
A positivistic orientation was adopted in the analysis of the data, i. e. the results were 
refined in such a way as to allow categorisation and quantification. However, being a 
qualitative study (and not statistically significant) a phenomenological viewpoint was also 
employed, in that individual cases were also viewed as being meaningful in their own 
right. These two perspectives together provide an integrative insight. 
The data was analysed following guidelines provided by Miles and Huberman19 on 
qualitative data analysis. The following tactics were employed for generating meaning 
from the data, for more details about the use of these tactics it is suggested that readers 
should consult Miles and Huberman's book: 
Noting patterns and themes within the data, e. g. the frequent citing of 
employee resistance during the implementation process. 
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2) Clustering the data into categories, e. g. the grouping of problems into nine 
categories, as used in the Best Practice Implementation Study analysis of 
barriers to SCM. 
3) Counting, this backs up the previous two tactics, allowing patterns to become 
clearer, verifying hypotheses and to protect against bias. For example, how 
many problems appeared in each of the nine `barriers to implementation' 
categories. 
Making Metaphors, as a partial abstraction, e. g. looking at culture change as 
either revolutionary or evolutionary. 
5) Making comparisons and contrasts between sets of data, e. g. did different 
industries suffer different implementation problems? 
6) Noting Relations Between Variables, e. g. the more mature a workforce, the 
more likely it is to lack the appropriate skills required for SCM. 
Having analysed the data in this way, the different strands of data were brought together 
and comparisons were made in order to produce some conceptual/theoretical 
coherence. This led to the conclusions stated within this Executive Summary. 
d. Ensuring Validity 
There are multiple sources of analytical bias which must be guarded against, particularly 
in qualitative research where human judgements take precedent over statistical ones. 
Tactics are required which help to test and confirm the findings, therefore increasing 
confidence in them. 
Again the guidelines provided by Miles and Huberman20 have been used and the 
following tactics were employed: 
a 
The use of colleagues to double-check assumptions. Other researchers, not 
connected with the studies, were consulted during its course. They were asked 
to comment upon the questionnaires, sample organisations and analysis of 
results. This also helped in the formulation of rival explanations, which could 
then be explored. 
2) Triangulation was used in that literature about each of the organisations was 
collected and, where appropriate, compared with the results of the interviews. 
Furthermore, the findings of the studies were compared with other available 
SCM literature. 
3) Counting was used during the analysis process to protect against bias. 
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4) The meaning of outliers was checked. Rather than ignoring outliers, the data 
was re-examined and respondents contacted again to discover the reasons 
behind the differences. 
s) Getting feedback from informants was used after both the initial interview and 
later, after the production of the written reports. This allowed the initial data to be 
double-checked to ensure that it was a true representation of their experiences. 
It also provides "phenomenological validityi21 to the results and conclusions. 
In addition, this appendix details the methods employed during the research. This allows 
the studies to be duplicated and/or expanded (as recommended in the Executive 
Summary) in the future, this providing a further source of validation. 
D. Case Studies 
The focus of the research was upon the sponsoring organisation, an aerospace 
component manufacturer. The firm not only provided the initial direction for the 
investigations; it also acted as a case study environment for exploration. The work 
concerning the concept re-design of an aerospace supply chain, and subsequent 
development of the Motorway Concept and the Specialist Team Concept, was 
conducted as a member of various project teams within a variety of company sites. 
As Nisbet and Watt point out, "sometimes it is only by taking a practical instance 
that we can obtain a full picture of interaction. '22 As with other forms of qualitative 
analysis, case study methodology is suitable for describing a process, especially 
when such events affect many different parties; and to explain a complex 
phenomenon - such as SCM. The great strength of the case study approach is that 
it allows the researcher to concentrate upon a specific situation and to identify the 
various interactive processes at work. These processes may remain hidden in a 
large scale survey, but can be crucial to the success or failure of systems or 
23 organisations. 
However, it should be remembered that generalisation from case studies is not 
always possible, and should be made with care. Bassey takes the view that "the 
relatability of a case study is more important than its generalisability. u24 For this 
reason, background details about the aerospace aftermarket and the case study 
organisation have been included within the various portfolio submissions. Indeed, 
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an outline of the aerospace aftermarket environment is included within Section 4 of 
this document. Details of the case study organisation are summarised below. 
a. The Case Study Company 
The sponsoring organisation, which also acted as the case study environment for 
the research into the aerospace aftermarket supply chain, is a leading supplier to 
the global aerospace industry (Standard Industry Code 35300). A public limited 
company, with share capital; its products and services support every major civil and 
military aerospace programme in the western world, from helicopters to the latest 
generation of commercial and military jets. In the year ended 31 January 1998, this 
represented more than £650 million in sales. 
The Company's stated strategy is to hold leadership positions in attractive growth 
markets serving the aerospace sectors. Utilising economic value added as its 
principal measure of business and financial performance25, the Company is 
committed to delivering superior and sustainable returns to its shareholders. The 
research and subsequent recommendations have been made with this strategic 
direction in mind. 
Employing nearly 7,000 employees world-wide, the Company has manufacturing 
and service operations on every continent. Headquartered in the United Kingdom, 
principal operations can be found in the UK, the US, France, Singapore and 
Canada. The global nature of the organisation is demonstrated in Figure 23. 
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Sales by Destination 
C ontirrentaI 
Europe 
22% 
UK 
19% 
Sales by Origin 
Con tine ntaI 
Europe 
10% 
UK 
46% 
North 
m erica 
50% 
North 
America 
42% 
Figure 23: The Case Study's Global Sales: By Origin and Destination 
The company's sales are split approximately 75% to the civil market and 25% to the 
military market and its major customers include Rolls-Royce, Boeing, Aerospatiale, 
DASA, General Electric, and British Aerospace. Although the research concentrated 
upon the civil business, the demands of the military market - which are beginning to 
mirror those of the civil customers - were also taken into account. 
The research took place within two main divisions of the Company, Engine Controls 
and Customer Support: 
1. Engine Controls - provides fuel systems and other engine management 
systems for civil and military engines. The Company provides a complete engine 
control system including pump, fuel metering unit, ignition, guide vane actuation, 
Rest of W Grid 
9-% 
Rest of 
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electronic control, heat management and thrust reverser actuation for large and 
small engines. Much of the Company's focus is on its supply of engine control 
systems for Rolls-Royce's Trent engine family. This division represents 20% of 
the Company's sales 
2. Customer Support - offers round the clock aftermarket support to all operators 
of its equipment anywhere in the world. Its regional customer service centres are 
located in the Americas, Asia Pacific and Europe to provide spares, repair and 
overhaul facilities and full technical support. This division is the focus for the 
aftermarket, concentrating upon -providing world class quality, rapid tumtimes 
and competitive pricing. 
The research has taken the needs of these -Crm sions into account, but it has also 
considered the entire organisation and the rest of the supply chain too. 
66 
Executive Summary 
8. Bibliography 
Anon 'European Logistics Could Do A Lot Betterl'; International 
Journal of Physical Distribution and Logistics Management; 
Vol. 25 No. 7.1994. 
Baxter, A. 'Breaks in the Supply Chain - People Are The Biggest 
Barriers To Good Logistics'; The Financial Times; London; 
11 April; 1994, 
Bell, J. Doing your Research Project; 2"d Edition; Open University 
Press; 1993. 
Bowersox, D. & Closs, D. Logistical Management: The Integrated Supply Chain 
Process; International Edition; McGraw-Hill; 1996. 
Byrne, P& Markham, W `Only 10% of Companies Satisfy Customers'; Transport and 
Distribution; Dec. 1993; p. 42 
Christopher, M. Logistics and Supply Chain Management; Pitman Publishing; 
1992 
Collins, J. & Porras, J. Built to Last: Successful Habits of Visionary Companies; 
Century Business; 1996. 
Coyle, J. J,, Bardi, E. J. and The Management of Business Logistics; 5th Edition; West 
Langley, C. J. Publishing; 1992. 
Donlon, J. 'Maximising Value In the Supply Chain'; Chief Executive; 
Issue 117; p. 57. 
DTI Supply Chain Management Attitude Survey - Report of the 
Supply Chain Working Group; DTI; April 1997. 
Euske, Lebas & McNair 'Performance Management in an International Setting'; 
Management Accounting Research; Volume 4; Number 4; 
1993. 
Forrester, J. Industrial Dynamics; MIT; 1961 
Gattorna, J. & Walters, D. Managing The Supply Chain. A Strategic Perspective. 
Macmillan; 1996. 
Ghauri, Gronhaug & Research Methods in Business Studies, A Practical Guide; 
Kristianslund Prentice Hall; 1995. 
Hall, G., Rosenthal, J. & `How to Make Re-engineering Really Work'; Harvard 
Wade J. Business Review; Nov-Dec 1993; p. 119-131 
Hammer, M. & Champy, J. Re-engineering the Corporation; Nicholas Brealey Publishing; 
1993 
Houlihan, John B 'International Supply Chain Management'; International 
Journal of Physical Distribution and Materials Management; 
67 
Executive Summary 
Vol. 17, No. 2; 1987 p. 51-66 
Johnson, G. & Scholes, K. Exploring Corporate Strategy: Text and Cases; Prentice Hall; 
1989. 
Jones, C 'Supply Chain Management- The Key Issues'; BPICS Control; 
Oct. /Nov. 1989; p. 25. 
Kaplan, R. & Norton, D. 'Using the Balanced Scorecard as a strategic management 
system; The Harvard Business Review; January-February; 
1996. 
La Londe, B& Masters, J. 'Emerging Logistics Strategies'; International Journal of 
M. Physical Distribution and Logistics Management; Vol. 24 No-7; 
1994; p. 44. 
Mercer, D Marketing; Blackwell; 1992. 
Miles, M. & Huberman, A. Qualitative Data Analysis; 2nd Edition; Sage Publications; 
1994. 
Oakland, J. Total Quality Management; Butterworth Heinemann; 1989. 
Senge, P. The Fifth Discipline; Century Business; 1990. 
Stalk, G& Hout, T Competing Against Time; The Free Press; 1990; p. 233 
Stevens, G. C. 'Integrating the Supply Chain'; Internatrional Journal of 
Physical Distribution and Materials Management; Volume 19; 
Number 8; 1989. 
Towill, D. R. 'Engineering Change: Or is it Change Engineering?; A 
Personal Perspective'; IEE proceedings A; Vol, 138 No. 1 
1991; p. 11-21. 
Turner, J. 'Missing Links in the Supply Chain'; Management 
Consultancy; April 1995; p. 29. 
Womack, Jones & Roos The Machine That Changed The World; Macmillan; 1990. 
68 
Executive Summary 
9. References 
'Christopher, M. Logistics and Supply Chain Management; Pitman Publishing; 1992; p. 16 
2Livingstone, G. 'Measuring Customer Service in Distribution'; International Journal of Physical 
Distribution and Logistics Management; Volume 22, Issue 6; 1992; p. 4 
3 Christopher, M. Logistics and Supply Chain Management, Pitman, 1992, p. 9. 
4 Bowersox, Donald & Closs, D. Logistical Management; International Edition; London; McGraw-Hill; 
1996, p. 67. 
5 PRIM 1997 Integrated Supply Chain Benchmarking Study 
Bowersox, Donald & Closs, D. Logistical Management; International Edition; London; McGraw-Hill; 
1996. 
Christopher, M. Logistics and Supply Chain Management; London; Pitman Publishing; 1992 
$ Groves III, F. L., 'Cutting cycle time', Professional Builder, Volume 63, Issue 7, May 1998, p. 48. 
9 Groves III, F. L., 'Cutting cycle time', Professional Builder, Volume 63, Issue 7, May 1998, p. 49. 
1Q Hall G., Rosenthal J. and Wade J,, "How To Make Re-Engineering Really Work, " Harvard Business 
Review, Vol. 71, Issue 6 (1993), pp. 119-131. 
11 Ghauri, Gronhaug & Kristianlund, Research Methods in Business Studies, A Practical Guide, 
Prentice Hall, 1995, p, 85, 
12 Bell, J. Doing Your Research Project, 2nd Edition, Open University Press, Buckingham, 1993, p. 6. 
13 Cohen, L. & Manion, L., Research Methods in Education, P Edition, Routledge, 1989. 
14 Clifford, C., Nursing and Health Care Research, Second Edition, Prentice Hall, 1997, p. 67. 
15 Sagor, R. Opening Presentation, Seventh AnnualAction Research Symposium, Kansas City, 1997. 
'a Ghaurl, Gronhaug & Kristianlund, Research Methods in Business Studies, A Practical Guide, 
Prentice Hall, 1995, p. 65, 
17 Gattorna, J. & Walters, D., Managing the Supply Chain. A Strategic Perspective. Macmillan, 1996, 
p. 228. 
69 
Executive Summary 
1e Clarke, A. Report 3: Change Management - Lessons Learned from UK Best Practice in Business 
Process Re-engineering. Engineering Doctorate Portfolio. University of Warwick. 1997, p. 11. 
19 Miles, M. & Huberman, A. (1994) Qualitative Data Analysis. 2"d Edition. Sage Publications. p. 245- 
280 
20 Miles, M. & Huberman, A. (1994) Qualitative Data Analysis. 2nd Edition. Sage Publications. p. 245- 
280 
21 Miles, M. & Huberman; A. (1994) Qualitative Data Analysis. 2nd Edition. Sage Publications. p. 275: 
22 Nisbet, J, & Watt, J, Case Study. Rediguide 26, University of Nottingham School of Education, 1980 
23 Bell, J. Doing Your Research Project, 2"d Edition, Open University Press, Buckingham, 1993, p. 8. 
24 Bassey, M., `Pedagogic Research: On The Relative Merits Of Search For Generalisation And Study 
Of Single Events', Oxford Review of Education, Volume 7, No. 1,1981, pp. 73-93. 
25 For an explanation of the calculation and rationale of Economic Value Added, EVA, refer to: Grant, 
James, Foundations of Economic Value Added, Frank J Fabozzi Associates, New York, 1991. 
70 
